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Letter to the editor
Dear Editor,
This is a response to the letter of Ankit Patras and Michael Sasges
(UV Dose Calculations) related to the article of Andréia Tremarin,
Teresa R.S. Brandão and Cristina L.M. Silva on Inactivation kinetics of
Alicyclobacillus acidoterrestris in apple juice submitted to ultraviolet
radiation (Volume 73, pages 18–23) (Tremarin, Brandão, & Silva,
2017).
Their main criticism was about the way we presented inactivation
results, i.e., in terms of UV-C intensity (W/m2) instead of UV-C dose (J/
m2), which would be preferable since a high intensity for a short time
has the same effect as a low intensity for a long time, up until the time
scale where repair mechanisms can play a role. Obviously, we totally
agree that dose or fluence determines disinfection results, which could
be comparable to what happens in High Temperature/Short Time
(HTST) pasteurization processes (Fellows, 2000).
However, the main objective of our work was to study the influence
of UV-C radiation treatments on the inactivation of A. acidoterrestris
spores in apple juice, with mathematical modelling of the survival ki-
netics and consequent estimation of D-values, seeking comparison with
D-values obtained in conventional thermal pasteurization. To achieve
this goal, kinetics of A. acidoterrestris spores obtained by UV-C radiation
exposure should be compared to the kinetics obtained at 95 °C, and the
time dependence of the survival cells is imperative and not merely the
final disinfection impact (log-reduction) quantified for a given dose.
Consequently, we decided to present our results for given treatment
times at different intensities imposed, instead of doses. These results are
in Fig. 2 of the article (Tremarin et al., 2017), seeking comparison of
survival behavior between UV-C radiated samples and thermally
treated ones.
The values of doses corresponding to the conditions used in our
experimental design are in Table 1.
In terms of doses required to obtain a target reduction of A. acid-
oterrestris spores, different results were obtained if different intensities
were used. For example, 15 minutes of juice exposure at 2.59 W/m2
allowed 5-log reduction (dose= 2331.0 J/m2); a similar reduction of 5-
log was obtained if samples were exposed for 13 minutes at 8.45 W/m2
(dose= 6591.0 J/m2). The doses were not equivalent.
As remarked in the paper, even when the less severe intensity of UV-
C treatment was applied, the estimated D-value (4.9 ± 0.2 min) was
considerable lower than the one obtained for the thermal treatment at
95 °C (6.6 ± 0.5 min). Comparing to the highest intensity used (D-
value of 1.6 ± 0.2 min), the D-value at 95 °C is 4 times higher.
Another aspect mentioned as unclear was the way that UV-C ra-
diation intensity varied in the experiments performed.
Samples were placed on a supporting tray, always 30 cm below the
lamps. The tray was divided into 21 sections and juice samples were
placed at the middle point. Intensities of radiation were measured by
placing the radiometer also at the middle point of the 21 sections inside
the UV-C camera. The values of UV-C radiation intensity measured in
each section are in Fig. 1. Intensities used (0.34 0.86, 2.59, 5.59, 8.45,
11.50 and 13.44 W/m2) were achieved by placing juice samples on
sections 2, 6, 7, 15, 21, 12 and 17, respectively.
Table 1
Values of doses (J/m2) calculated for the experimental design conditions used
by Tremarin et al. (2017).
Time (min) UV-C intensity (W/m2)
0.34 0.86 2.59 5.59 8.45 11.5 13.44
3 61.2 154.8 466.2 1006.2 1521.0 2070.0 2419.2
5 102.0 258.0 777.0 1677.0 2535.0 3450.0 4032.0
8 163.2 412.8 1243.2 2683.2 4056.0 5520.0 6451.2
10 204.0 516.0 1554.0 3354.0 5070.0 6900.0 -
13 265.2 670.8 2020.2 - 6591.0 - -
15 306.0 774.0 2331.0 - 7605.0 - -
20 408.0 1032.0 - - - - -
25 510.0 - - - - - -
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Fig. 1. UV-C radiation intensities measured in 21 sections of the supporting tray of the camera. In bold are the ones used by Tremarin et al. (2017).
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